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Architecture
BioSimGrid uses a multi-tier client-server architecture [7]. The design decisions, driven by the re-
quirements of the computational chemistry community, are detailed elsewhere [8]. The components
involved are shown in Fig. 1.
On the top, two types of user clients are possible in the user interface layer. Any computer ca-
pable of running a web browser can access the database by interacting with the BioSimGrid web
environment through the hypertext transfer protocol (HTTP). For customized calculations using the
data in BioSimGrid, a reasonably-powerful workstation with Python [9] installed can interact with the
BioSimGrid environment by calling functions in the BioSimGrid application programming interface.
The application layer is in charge of fulﬁlling the requests coming from the web environment and
the Python environment. It provides data deposition, retrieval, and post-processing services. This
layer provides abstraction for the access to the data storage layer on the bottom, thus allowing the
latter to be heterogeneous.
The database storage layer is in charge of storing and preserving data and fulﬁlling basic database
queries. This layer is heterogeneous to minimize space requirement, and maximize performance and
efﬁciency: it is a relational database [10] plus structured ﬂat-ﬁle subsystems; the evidence support-
ing this design is presented elsewhere [8]. Any datum here is stored in distributed duplicate (that
is, stored in at least 2 sites) for resilience. We plan to enable interrogation and data-fetching from
additional sites, using distributed database access. An added beneﬁt of this distributed architecture is
the possibility of ‘in-house sites’ set up by parties for which privacy of data is essential; they can set
permissions to allow public access to only those trajectories they would like to share, whilst keeping
all other ones private.
Data schema
The data schema (Fig. 2; full version on the website) abstracts the structure of data: this conceptual
tool frees us from having at all times to consider the heterogeneous physical storage aspect: the
relational database and the structured ﬂat-ﬁle storage.
Most of the data (data ‘in’ the trajectories) are stored in the tables ‘trajectory’, ‘frame’, ‘coor-
dinate’, and ‘velocity’. The topology of the biomolecular system is contained in the tables ‘chain’,
‘residue’, and ‘atom’; this mirrors the conventional PDB hierarchy. The rest of the metadata (data
‘about’ the trajectories) are in the other tables, with supporting dictionary tables.
The table ‘trajectory’ brings together the data and the metadata. An entry in this table (a trajec-
tory) may own a certain number of frames. Each frame may own a certain number of coordinates.
The ‘frame’ table also stores properties with a time-series nature, such as volume, pressure, and tem-
perature. Each coordinate entry stores the 3-dimensional position of an atom in a frame.
In practice, the tables with the most entries, namely ‘coordinate’ and ‘velocity’, are in ﬂat-ﬁle
format (in distributed duplicate for resilience); the other tables are replicated at all sites in relational
database instances.
Deposition
We have developed modules to semi-automate deposition of trajectory ﬁles from Gromacs [11], AM-
BER [12], CHARMM [13], and NAMD [14]; these modules can be adapted for other MD packages
[8]. Rather than a totally automated process, some (ideally minimal) intervention by a human curator
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7Figure 1: The architecture of BioSimGrid.
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Figure 2: The abridged data schema for BioSimGrid; the full version is available on the website.
9Figure 3: Comparison of protein simulations contribute to biomedical knowledge. Mouse acetyl-
cholinesterase (left) and bacterial outer-membrane phospholipase (right) are different in
structure (top; red spots mark active sites) but similar in their active sites (bottom; with
residue type and number) and catalytic function.
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